In Hodgkin's disease, cytogenetically aberrant clones have been demonstrated in a minority of cases studied. In the remaining cases, only normal metaphases have been found, but it is questionable whether normal karyotypes actually correspond to the pathognomonic Hodgkin and Reed-Sternberg (HRS) cells. Numerical aberrations could be studied by fluorescence in situ hybridization (FISH). However, in Hodgkin's disease, the percentage of tumor cells is mostly below the detection limit of FISH, which is near 1%. With the technique of simultaneous fluorescence immunophenotyping and interphase cytogenetic analysis (FICTION), this problem can be overcome. By FICTION, hybridization signals can selectively be evaluated within the CD30a' cell population. We N HODGKIN'S DISEASE, clonal chromosome aberrations are found only in a minority of cases."8 If detected, aberrant metaphases show mostly complex chromosome aberrations with a variety of numerical and structural defects; chromosome numbers usually are within the triploid to tetraploid range. In the majority of analyzed cases, only normal metaphases are found. This is possibly due to the low number or low proliferation activity of the tumor cells. However, one must also consider that in some cases, the Hodgkin and Reed-Stemberg (HRS) cells possibly do not contain cytogenetically detectable chromosome changes. Theoretically, the latter possibility could be ruled out by fluorescence-in-situ hybridization (FISH), which is a very sensitive technique for detecting numerical aberrations in interphase cells. However, a limiting condition of FISH is that numerically aberrant tumor cells must make up at least 1% to 2% of the analyzed cells9 Unfortunately, in Hodgkin's disease, the percentage of tumor cells is mostly far below this detection limit. The solution to this problem could be simultaneous fluorescence immunophenotyping and in situ hybridization, a new technique called fluorescence immunophenotyping and interphase cytogenetics as a tool for investigation of neoplasms (FICTION).'""3 With this new method, cells can be characterized by their immunophenotype and, moreover, the same cells can be analyzed regarding numerical chromosome aberrations. In this way, cells with tumor-associated immunophenotype can be evaluated selectively. In Hodgkin's disease, the tumor cells strongly express the CD30 antigen, while the The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. section 1734 solely to indicate this fact.
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MATERIALS AND METHODS
Cases. Thirty cases of Hodgkin's disease of different subtypes (Table 1) were studied by means of combined immunophenotyping and interphase cytogenetic analysis. The cases were grouped according to cytogenetic features known from classical chromosome analysis (data not shown,) which had been previously performed on all cases.
In cases I through 8, cytogenetic analysis showed cytogenetically abnormal clones with hyperploid chromosome numbers and complex chromosome aberrations.
In case 9, one single metaphase with hyperploid chromosome number and complex chromosome aberrations was found. Cytogenetically defined clonality, ie, identical aberrations in at least two metaphases, could not be demonstrated.
In case IO, a clone (two metaphases) was detected with a simple chromosome defect, ie, a translocation t( 13;22) as the only change.
In cases 11 through 18, single metaphases with simple chromosome defects were found. Thus, in contrast to case IO, the chromosome aberrations were nonclonal. Structural aberrations were involved in cases 1 I through 16, whereas cases 17 and 18 exclusively showed the nonclonal loss of the Y-chromosome.
In cases 19 through 30, cytogenetic analysis showed only normal or no metaphases.
FICTION procedure. Cytospin slides prepared from lymph nodes affected with Hodgkin's disease were processed as previously described in detail.''." Briefly, acetone fixed slides were immunostained with anti-CD30 monoclonal antibody (Dakopatts, Hamburg, Germany). Staining was performed with a three-step technique employing the following Cy3-conjugated polyclonal antibodies: goat antimouse, rabbit antigoat, and donkey antirabbit (JacksonlDianova. Hamburg, Germany). After immunostaining, the slides were fixed in Carnoy's fixative (methano1:acetic acid, 3.1) for 10 minutes, followed by 1% paraformaldehyde (2 X SSC, pH7,6) for 1 minute, and washed in distilled water for 1 minute. The slides were dehydrated in a series of 70%, 85%. and 100% ethanol, and hybridized with pairs of biotin-and fluorescein isothiocyanate (FITC) labeled centromeric DNA probes specific for chromosomes 1 '5 and Higgins et a116). The probes were selected randomly. The objective of the study was to determine whether aberrant HRS cell clones exist, not to identify all demonstrable numerical chromosome aberrations. Consequently not all available probes were used in every case. Table 1 shows which probes were used in which case. The probes were FITClabelled by random primed labelling using ECL (AmershamBuchler, Braunschweig, Germany) or biotinylated by nick translation using BioNick (BRL, Rockville, MD) according to the manufacturer's instructions. In situ hybridization was performed as follows: 1 pL hybridization mixture (0.5 ng biotinylated probe, 0.5 ng FITCconjugated probe, 50 ng sonicated salmon sperm DNA, 10% dextran sulfate, 60% formamide, 1 X SSC) was placed on the areas of the cytospin slides containing the cells and covered with 10 mm round cover slips. The cover slips were sealed with rubber cement and the slides were denatured at 73°C for 5 minutes in a water bath and incubated at 37°C for 1 hour. After hybridization, the slides were washed three times in 50% formamide, 2 X SSC at 45°C followed by brief equilibration in phosphate buffer at room temperature (RT). Biotinylated and FITC-conjugated probes were detected simultaneously by a mixture of monoclonal mouse anti-FITC (Dakopatts) and 7-amino-4-methylcaumarin-3-acitic acid (-CA)-conjugated avidin (Dianova), followed by a mixture of FITCconjugated donkey antimouse (Dianova) and biotinylated goat anti-avidin-DN (Vector, Burlingame, CA). Amplification was easily performed by repeating both detection steps.
Unspecific antibody binding was mled out by replacing the monoclonal antibody with IgH class-matched murine monoclonal antibodies.
Evaluation. Immunophenotype and hybridization signals were evaluated simultaneously on a Zeiss Axiophot microscope with filter sets 00 for Cy3, 09 for FTTC and 02 for AMCA. Morphologic features, such as the shape of cells or the presence of nucleoli were examined simultaneously by phase contrast microscopy. In addition, CD30-cells were examined for the presence of numerical chromosome aberrations within lymphocytic bystander cells.
RESULTS
After CD30 immunophenotyping, the HRS cells stained intensively. Although sometimes only a few cells were scat- tered on a slide, the H R S cells could be easily detected by their red fluorescence. Some activated lymphocytes were also positive, but were distinguished from the large H R S cells by their cell size and typical lymphoid morphology. In situ hybridization was successful in every case. The data from the FICTION study and the related cytogenetic data are summarized in Table 1 . It shows that numerical chromosome aberrations were detected in the majority of CD30' H R S cells in all cases. The FICTION staining is illustrated in Figs  1 and 2. Cytogenetically, cases 1 through 8 showed aberrant clones with typical features of H R S cells: hyperploidy, complexity, and a high variability of copy numbers of certain chromosomes in different metaphases of individual cases. The hybridization signal numbers corresponded well with numerical chromosome aberrations detected in the metaphases. If, in a given case, the copy number of a certain chromosome was constant within all metaphases, in situ hybridization also showed constant signal numbers in the CD30' HRS cells. On the other hand, if the copy numbers of certain chromosomes were variable in the metaphases, in situ hybridization also showed variable signal numbers for the respective chromosomes. This was true, for example, of case 2, where two copies of chromosome 15 were constantly found by both cytogenetics and FICTION, while the copy numbers of chromosome 12 ranged from 2 to 6. Remarkably, the different nuclei of multinucleated Reed-Stemberg cells always contained identical hybridization signals.
In case 9, the same chromosome aberrations that were seen in a single metaphase were detected by FICTION in most of the CD30+ H R S cells.
In case 10, cytogenetics showed a small clone (two metaphases) with one simple structural aberration, but without numerical chromosome aberrations. By FICTION, we were able to demonstrate that the CD30' HRS cells consistently contained aberrant signal numbers.
This was also true in WEBER-MATHIESEN ET AL cases 11 through 16 with nonclonal simple structural aberrations.
In cases 17 and 18, nonclonal loss of the Y-chromosome was the only chromosome aberration. In case 17, the FIC-TION study showed that the H R S cells actually lacked the Y-chromosome, however, additional numerical aberrations were detected in these cells (cases 17 and 18 are presented in more detail in another report"). In case 18, the CD30' KRS cells did contain the Y-chromosome, as well as other numerical defects.
In the remaining cases (19 through 30), no aberrant karyotypes were found by cytogenetics. FICTION showed that numerical chromosome aberrations were generally present in the majority of the CD30f H R S cells.
CD30-cells or CD30' activated lymphocytes with typical lymphocytic morphology contained regular numbers of hybridization signals.
In summary, all of the 30 studied cases of Hodgkin's disease displayed CD30' H R S cells with a variety of numerical chromosome aberrations. The few probes employed in this screening procedure were sufficient in each case to demonstrate aberrant clones.
DISCUSSION
The FICTION technique is particularly suitable for the selective molecular cytogenetic investigation of HRS cells. All HRS cells are CD30+ and have a typical morphology, which is retained during the FICTION staining procedure. This allows us to distinguish CD30+ HRS cells from acti- For personal use only. on October 3, 2017. by guest www.bloodjournal.org From proach was used in the present study. In all cases, up to 100% of tumor cells contained numerical chromosome aberrations, whereas no clonal changes were detected outside the immunologically and morphologically defined HRS cell population. Unequivocal demonstration of clonal numerical aberrations was even possible in cases with extremely low percentages of HRS, as for example 0.1 % in case 2. In cases 1 through 9 with hyperploid, complexly aberrant karyotypes, the cytogenetic findings agreed very well with the FICTION data. In all other cases, however, numerical chromosome aberrations were shown by FICTION, which were not detected by classical cytogenetics. These results underline the superior sensitivity of the FICTION method for detecting small clones with numerical chromosome aberrations. Even FISH would not have produced these results, because in most cases, the percentage of HRS cells was lower than l%, ie, below the well-known detection limit of FISH? In some cases, chromosome analysis showed single aberrant metaphases with simple chromosome defects. In contrast, the FICTION study showed that in these cases the CD30' HRS cells regularly contained numerical chromosome aberrations, which were definitely not a constituent of the aberrant metaphases. Surprisingly, this was also the case in case 10 with clonal aberrations, as defined by the International System for Human Cytogenetic Nomenclature guidelines. Two metaphases were found with identical structural chromosome aberrations." Apparently, the cytogenetically aberrant cells in these cases were different from the HRS cell population. The fact that during our screening for numerical chromosome aberrations, a few probes were regular enough to detect supernumerary chromosomes indicates that in these cases, too, the HRS cells were hyperploid. Therefore, one must question whether some recently reported near diploid karyotypes with simple chromosome changes actually represented HRS cell metaphases5 We must assume that karyotypes with simple chromosome defects simply mirror the genetic instability of lymphocytic cells, which is a well-known phenomenon in Hodgkin's disease." It remains unclear why these simple chromosome defects are sometimes clonal. From cytogenetic studies, it is known that in a given case of Hodgkin's disease, the copy numbers of certain chromosomes may vary considerably among different hyperploid metaphases. Previously, it was impossible to exclude the chance that the great variability might be owing to artificial chromosome losses caused by the preparation procedure. This FICTION analysis shows that the variability of numerical chromosome aberrations is a real phenomenon in vivo. Thus, not only lymphocytes, but also HRS cells, are affected by genetic instability.
In the present study, seven different centromeric DNA probes were sufficient to detect numerical chromosome aberrations, in particular, chromosome gains in all cases studied. Yet, we cannot exclude that HRS cells in other cases contain chromosome aberrations different from the ones studied here. In such cases, more probes must be used. One must also consider that in early stages of Hodgkin's disease exclusively structural chromosome aberrations might be present. The FICTION method is generally able to detect structural chromosome aberrations, however, at the time, only a few suitable probes, eg, yeast artificial chromosome (YAC) DNA probes are available. Therefore, as holds true for FISH, a general screening for structural aberrations is not possible by FICTION.
We conclude from our results that (l) the pathognomonic HRS cells regularly exhibit numerical chromosome aberrations, and (2) despite contrary cytogenetic findings, the HRS cells contain complex chromosome aberrations with hyperploidy. Another conclusion concerns the search for pathogenetically relevant gene alterations in Hodgkin's disease. It does not seem very promising to focus molecular genetic studies on chromosome defects found in noncomplex, near diploid karyotypes.
